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Introduction: In recent years, the emphasis on improving growth traits and increasing body weight in broiler
lines has led to a significant decline in reproductive performance in broiler breeder flocks (Blesbas et al., 2004).
Reduced fertility has become a major challenge in broiler breeder management. Although roosters account for only
10% of the flock population, their role in fertility is estimated to be as high as 50% (Cerolini et al., 2006; Akhlaghi
et al., 2014). Among the main factors contributing to declining fertility, age and nutrition are of particular
importance. Fertility reduction is often attributed to obesity, lower semen quality, decreased libido, and reduced
mating efficiency (Romero et al., 2008). Peak reproductive performance in male chickens and turkeys is observed
between 30 and 40 weeks of age and gradually declines, nearly ceasing by 75 weeks (Noiraud & Brillard, 1999).
Sperm count and fertilizing capacity increase from 24 weeks to a peak at 39 weeks, then decline by 72 weeks of age
(Kelso et al., 1997). Enhancing the reproductive potential of aging broiler breeder males is therefore essential
(Fouad et al., 2020). Serine, a traditionally non-essential amino acid, plays critical roles in protein synthesis and
cellular signaling (Metcalf et al., 2008; Hunter, 2012). Choline is an essential nutrient with key metabolic functions,
including as a membrane phospholipid component, in hepatic lipid metabolism, and as a precursor of acetylcholine
(Dudley, 1929). Choline is a methyl donor involved in methionine synthesis and indirectly functions in protein
synthesis. In addition, it constitutes about 39% of the phospholipids in the plasma membrane and plays a role in cell
maintenance and repair by synthesizing very low-density lipoproteins and providing phosphatidylcholine (Del

Vesco et al, 2013). Despite numerous studies on the effects of unsaturated fatty acids, antioxidants, and some amino

acids on sperm quality, no comprehensive study has been conducted on the interaction effects of the amino acid L-
serine and choline supplementation in the nutrition of older broiler breeder roosters. This study investigated the
effects of the amino acid serine and choline supplementation on sperm quality of older broiler roosters.

Materials and Methods: This experiment was conducted using 36 Ross 308 broiler breeder roosters at
45 weeks of age. Birds were randomly assigned to six groups of six individuals each and housed under controlled
environmental conditions in a standard poultry house. The study was designed as a factorial arrangement in a
completely randomized design with three levels of L-serine and two levels of choline. Birds were adapted to semen
collection through abdominal massage for two weeks before the experiment. Semen volume was measured using a
graduated collection tube (Zamiri et al., 2010). Sperm concentration was determined using modified Blaise-Tweel
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extender with a pH of 7.4 and osmolality of 310 mOsm/kg (Amini et al., 2015). Forward progressive motility was
assessed by diluting semen samples in NaCl (1:20), placing a drop on a slide, covering it with a coverslip, and
examining under a light microscope at 400x magnification (Akhlaghi et al., 2014). Plasma membrane functionality
and integrity were assessed using the hypo-osmotic swelling test, while sperm viability and morphological
abnormalities were determined by eosin-nigrosine staining (Tapeh et al., 2017).

Results and Discussion: Results showed that sperm concentration was significantly affected by different levels
of serine and choline (P < 0.05). In the interaction of experimental groups, the highest sperm concentration was
observed in the group receiving 0.3% serine and 470 mg choline, indicating a positive effect of these compounds on
spermatogenesis and increased sperm production. The highest sperm concentration (4.08) occurred in the group
containing 0.3% serine, while the control group had the lowest concentration (3.46). Consistent with this finding,
Ansari et al. (2016) reported that oral supplementation of the non-essential amino acid aspartate in the diets of aging
broiler breeder roosters significantly increased sperm concentration with rising intake levels. The combined effect of
L-serine and choline supplementation also increased the percentage of progressive sperm motility during the trial
weeks; this synergistic effect was significant in weeks 4, 5, 8, and 9 (P < 0.05). The highest progressive motility
(50.75%) was recorded in week 8, whereas the lowest value (35.00%) was observed in the control group. In
agreement with these results, adding serine to rooster semen as a diluent has been shown to improve sperm quality
and fertility (Chankitisakul et al., 2022). The interaction of serine and choline significantly enhanced total sperm
motility from week 5 to week 9. The highest total motility (88.75%) was obtained in the group with 0.15% serine
and 470 mg kg™' choline in weeks 8 and 9, whereas the control diet yielded the lowest motility (70.00%), showing a
significant difference from the combined group (P < 0.05). Analysis of sperm viability indicated that diets
containing L-serine and choline had a significant effect on this trait (P < 0.05). The best viability was observed in
the group receiving 0.3% serine with 470 mg kg™ choline, reaching 88.75% in weeks 8 and 9, which was
significantly higher than the group lacking serine and choline (P < 0.05). The lowest sperm viability (68.25%)
occurred in the control group. L-serine, through its antioxidant properties and the regulation of genes involved in
glutathione synthesis, increases glutathione concentration and reduces oxidative reactions (Zhou et al., 2018; Sim et
al., 2015).The combined use of serine and choline significantly improved sperm membrane integrity and health
compared with the control, with this increase becoming significant from week 6 to week 9 (P < 0.05). The highest
membrane integrity (88.00%) was observed in week 9 with 0.3% serine, while the lowest value (68.75%) belonged
to the group without serine and choline. Evaluation of sperm abnormalities revealed that dietary supplementation
with serine significantly affected this parameter (P <0.05). Supplementation with L-serine at 0.15% and 0.3%
reduced abnormal sperm percentages, with significant decreases observed in weeks 5 and 7. The lowest percentage
of abnormal sperm (13.62%) occurred in the 0.3% serine group, which differed significantly from the diet lacking
serine (P < 0.05). The effect of choline supplementation and the combined effect of serine and choline on abnormal
sperm percentage were not significant (P > 0.05). These results agree with the findings of Long and Conn (2012),
who reported that adding choline phosphate to duck semen extenders reduced acrosome head abnormalities.

Conclusion: The results of this study demonstrated that dietary supplementation with L-serine and choline

significantly increased sperm concentration, sperm membrane integrity, total sperm motility, sperm viability, and
progressive sperm motility, while reducing the percentage of sperm abnormalities during most weeks of the
experimental period, indicating a synergistic effect of these two compounds on sperm quality in older broiler
breeder roosters. Consequently, the combined supplementation of L-serine and choline may contribute to improved
fertility potential and reproductive efficiency of older broiler breeder roosters under commercial poultry production
conditions.
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Table 2- The effect of L-serine amino acid and choline supplementation on sperm concentration (billion per milliliter) of aged broiler

roosters
R

Lo week
Treatments o o)l ey PO olin JERS ot

Third Fourth Five Six Seventh Eight Nine
s
0 3,50 3.67° 3.65 3.69° 3.66° 3.64° 3.625
0.15 3.69° 3.78 3.78 3792 3.78 3.90° 3.972
0.3 3.64% 377 3.822 381 3.822 4012 4.042
oSbe bl Sl o) 0.019 0.017 0.022 0.012 0.026 0.045
SEM
**C
0 3.61° 3.74 3.71° 3.75 3,720 3.795 3.825
470 3.67° 3.74 3.80° 3.78 3.80° 3918 3.942
;’*;’ML*‘ bl Sl 019 0.015 0.014 0.018 0.015 0.022 0.037
C x S
0 x 0 3.55 3.62° 3.56° 3.61° 3.59 3.47° 3.46°
470 x 0 3.62 3722 3.75 3.76° 3.74 3.80° 3.78b
0 x 015 3.67 3.80° 3.76 3.81 3.76 3.89° 3.92%
470 x 015 3.70 3.75° 3.79% 377 3.80 3.91% 4.03
0 x 03 3.60 3.79° 3.79% 3.842 3.80 4012 4.08°
470 x 03 3.68 3.75° 3.85° 3.822 3.85 4.022 4.00°
;"‘"E"M‘*‘ bl Sl 39 0.026 0.025 0.031 0.026 0.037 0.064
S ine Jlois] maw
P-value
s 0.0192 0.0019 <0.0001 0.0006 <0.0001 <0.0001 <0.0001
c 0.0371 0.8791 0.0002 0.2289 0.0016 0.0011 0.0345
SxC 0.6673 0.0185 0.0111 0.0134 0.1062 0.0005 0.0206

PSS 53 28 e 0 4 01503938l 3eS 1CT oy 4 0039 38] o yw Lo yd $SF
(P<0.05) a3l (gl gme AMA] (ghyls glisio By > b sl 1Sl (g 2y
myg in kg of choline added to the diet.:Percentage of serine added to the diet C**
.In each columns mean with different letters are significantly different (P<0.05)

A5 g 0 s p el <S> L(Chankitisakul et al., 2022)
oLy Slind (6,5 il Mg 4 Sl S pou bis (gl g ol
Ol Ol eyl (Sloo aslad )3 39250 (6)AiS gine 3L Sass 3>
ol b ol ply (Guthrie et al., 2008) 3,5l o w2l,8 1, (555!
b g 33,5 oo @ald oyl &8> Caz p3Y (G55l NS g Slas
(S e o Jolow Lt JLale )3 (dsS 5 (pyw 929 4 a2
9 Ot P98 domi )3 p iyl S 25 g 09yl (2l 3V

P yo sl 4 (glaie ple Sl adllae )3 0y 4 (S

dL&bo)_z? 4 S ol o L)J‘ o‘; Y J?’\? 5 oxbdl)| e‘.u

wlhis o blad a1y ()b bxe ciglds (oS 5 (g9
51y s Lo JoSo (gl 486 09,5 ay syl 039,k
(9S JeSo g oyl (ainlojl o3lo g5 Jilize il I .(P<+/+0)
5 e g oo 5 oo sbain )3 sl 53 alidlen (ol 4 ol
aan ) (04/V0) olis xopd p YL (P</40) 29y 4 Gizo oo
12l & by e 0ig) siny (2liz Lo (oS el Cusd 4 piia
il G 0 4 S oS 5 e (3938 g2 (YO - )
u—" L Q..Blya Ay ulf.b); P)M»] i (ho ) VD Do
5 0350 lyisan (oS (e e Alpelipasl (2938 s
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Table 3- The effect of L-Serine amino acid and choline supplementation on forward motility sperm (percentage) of old broiler

roosters

loloss Week
Treatments pow ok e o peet N o0

Third Fourth Five Six Seventh Eight Nine
5
0 42.87 39.50 40.25b 40.87 39.62 38.75 39.37>
0.15 41.12 40.25 42.12% 42.12b 45508 48.25 48.75
03 41.25 41.75 44 507 45,622 46.25% 49.122 4987
05be 3 ikl Sl ol 0.754 0.709 0.888 1.109 1.258 0.823 0.959
SEM
o
0 42.33 39.75 42.33 42.25 42.41 44,25 45.00
470 41.17 41.25 42.25 43.50 4517 46.50° 47.00
0k 3 il S 0.616 0.579 0.725 0.905 1.027 0.672 0.783
SEM
C x S
0 x 0 4450 37.00° 37.50° 40.00 36.25 35.00¢ 35.00¢
470 x 0 41.25 42.00? 43.00% 41.75 43.00 42.50° 4375
0 x 015 41.25 4050 43.00% 41.75 44.75 47.000 50.00°
470 x 015 41.00 40.00? 41.25b 42.50 46.25 49.50% 47.50%
0 x 03 41.25 4175 4650 45.00 46.25 50.752 50.00°
470 x 03 41.25 41,75 42.50% 46.25 46.25 47.50% 49,75
05k 3 il S o0l 1.067 1.003 1.257 1.569 1.778 1.165 1.356
SEM
Posine Jlazs! g
P-value
S 0.2154 0.1013 0.0118 0.0197 0.0028 <0.0001 <0.0001
C 0.1973 0.0837 0.9362 0.3421 0.0744 0.0295 0.0877
SxC 0.2639 0.0245 0.0036 0.9506 0.1662 0.0009 0.0014

F)f}l‘f 5 F)fcfl“" ©p> & m.;‘sa.s”‘él U‘J9§ ou © > & b.,\J)b.\”'él Cpyw o yd S*
(P<0.05) sl o gyl gme W3] (gl)ls Cglite gy b (sl Sileo (5w yo )
S™: Percentage of serine added to the diet, C**: mg in kg of choline added to the diet.
.In each columns mean with different letters are significantly different (P<0.05)

Pyl Sloods Ao yd 4 bayye slrodly Juoo a8 D Jgus jo
JeoSo g oy ) el (ool clajloss a5 by Lis el
Syl 5 (P<e/+0) a5)b jasls ol 1 (ool ne 15U osS
sbaylos 5 p iyl (Hloodss d9m0 ¢ inlojl Lo 9> Jolite
= S e ¥V bolyen oy disoligl doyd + /Y sauSedl )
S 3 oo 2> 25Vl 8 oaalie (g5 oo 5ok
S 15 o10liie g 5 i 4 53 (VD) (55 5 sy e
(P<eo0) cily e S g oy 4B 69,5 by (g)d pixe VS
oo 29 (FAIVO) sl &y bgypo 0155 (lap puasl o pd (43 0mly
b oyl (Sloodij (a0 VY (o) (ol o ()5S 9 (o
SIS cyln i 5} S s (sl Y puans
Cely g Mt oo Jlou p ol (gl 4 M3 0 [t |, S
(Wishart, 1984) 8553 o p ! Slood 55 a0y ial s

JoSo g I ¥ Jgia )3 oyl JS S 25 oy bt

S35 ol sine Gl ) core S 0y 3 43), 54 (sS
PP L+0) asly GLis (g g e BB Jloi 4 S JS
b p el S5 53 6yl dne Gl Bl el oS g g ke
S 25 dod o 5YL g wid diin U poriy aiie 1 iol8l pl a8
FVe g ooy dopd N0 (ol Hlows & bgyye (M/VD) il IS
Ao (3eS D91 oS g i i D (oS p)S oS p S e
AWM 4 S (Ve/ve) dgm dalids 0y d by yo pywl Syo0
Jlosi 93 Jlite j1(P=+/-0) cudls jlas 9 blie S1L gyl sine
0,90 Jobo A ] IS S50 10 o3 VA dgis iolj8l el
.(Durape, 2007) 1l g V0 Loty gy 1> 5jgile e
asin 93 )3 doxiwlp ol eilof] slales Jlaine U pae
Ao J35l el JolS 0095 S eSS pas Jdoar ptalesl
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9955 S8yl (2lid adidshud (8 o Sl S5l 4
ln s Sgn o5 15 50 Stoililgind b sl s
Jdos el U puoyi 1y (Joboo gilinns] 25 5 56 sadcal
Long & ) 393 e p iyl sltid cads ol 33l 5 poja ST 5000]
Kb oo o e 55 yols islesl ol 5 (Conn, 2012

Sabd Caols JIda el Sl T b b oS bl
“col plp 3 DS ol Sl g oyl slasd gl
O3Sl Jlub lodiS 5 3li1 (sla SIS0, 51 (6 gilanS s sl
25 o 09,6 ol s YU (s pdacamsl ol g ol oy
== Gl Pl ()bl Gl s ply 0 bewlS cladle
.(Surai et al., 2001) s.sL

oS Sl olpen (olid ladsind (S b and (gralinns]y

(Jones & Mann, il o Jlas a1y iyl 5,Sles 5 loods;
1976; Fujihara & Hawarth, 1978; Aitken, 1994; Kelso et
9 O,,ab’;)\ 9 Ww L;LmJof\a 5l a8 sladlae o .al., 1996)

o3l sl Szl gy (o S 33 sy e ) Aol
RS el (o d (ppw (2958 & 3 At g 00
Pl Glooki g odig)piar (i «S 25 Gl g (geelinnS]y
o L aadlas o) slaassl a5 (Tananurak et al., 2020) .
slic & Jate (ladudotwd a5 Cuol o 00l lis )b cillas
ltalol bul s )3 (glonydd Job 5 (odsS Jadilinsd ofsgas
; Douard et Bleshois et al., 1999) uSg) ooy jl youbo pypul
oS ol S 55l ol 4 5 dud selinnsTyy (al., 2000
Douard et al., ) 54 o0 p ol Sloods; LialS 5 o @ilo (55l
o ole 05,1855 1 eSS 2938l cglelllas 3 (2005

g5 Lo e (sl g 3 p el (10,0) S S 28 2 S JaSio g e ) dislisl 3-8 Jg
Table 4- The effect of L-serine amino acid and choline supplementation on sperm total motility (percentage) of old broiler roosters

EWCT-

Loy los Week
Treatments o o)l ey odd TS JERS %

Third Fourth Five Six Seventh Eight Nine
s
0 76.62 76.25 76.125 75375 73.75b 75.37b 77.00°
0.15 76.25 78.25 81.372 81.872 83.75% 86.12 88.372
0.3 76.37 78.25 81.88° 83.75% 85.00 88.122 88.00°
S°‘~ES‘ML~" 3sbil 31,23 1.035 0.970 0.958 0.988 1178 0.890 0.767
**C
0 75.25 76.75 78.67 79.17 78.33b 80.670 82.17°
470 7758 78.41 80.91 81.50 83.33 85,75 86.75°
gES‘ML“-” Sl Syl 0.845 0.792 0.782 0.806 0.962 0.727 0.626
C x S
0 x 0 75.00 75.00 71.25 71.25¢ 67.50° 68.25¢ 70.00°
470 x 0 78.25 7750 81.00% 79.500 80.00° 82.500 84.00°
0 x 015 75.00 77.75 82.25° 81.25% 83.75% 85.00% 88.00°
470 x 015 77.50 78.75 80.50° 82.50% 83.75% 87.25° 88.75°
0 x 03 75.75 7750 82.50° 85.00° 83.75% 88.75% 88.50°
470 x 03 77.00 79.00 81.25% 82.50% 86.25% 87.502 87.50°
gg’&*‘ 2 bl 31,23 1.464 1371 1.355 1.397 1677 1.260 1.084
Mize Jlois!| pdaw
P-value
s 0.9667 0.2682 0.0007 <0.0001 <0.0001 <0.0001 <0.0001
c 0.0668 0.1541 0.0570 0.0557 0.0017 0.0001 <0.0001
SxC 0.7907 0.8576 0.0006 0.0040 0.0035 <0.0001 <0.0001

PSS 53 28 e 0 p 4 0003938l (3JgS 1T o 4 013039 33] o duoy $SF
(P<0.05) sl oo yla ne MS) (gl)ls glite Bgyn b (sl Sileo (5w y2 )
S*: Percentage of serine added to the diet, C*": mg in kg of choline added to the diet.
In each columns mean with different letters are significantly different (P<0.05)
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Table 5- The effect of L-Serine amino acid and choline supplementation on sperm viability (percentage) of old broiler roosters

i

Loy Loy Week

Treatments Pow o)l pesy ol P PRI oY
Third Fourth Five Six Seventh Eight Nine

5

0 73.12 76.50 74.37° 75.25" 76.50° 74.75¢ 74.87°

0.15 74.62 76.62 80.37 81.50° 82.50° 83.37° 86.12

0.3 74.37 78.62 82.50° 82.50° 83.122 88.62 87.75¢

0k 3, il Sl 1.291 0.901 0.937 0.740 0.902 0.799 0.853

SEM

o

0 72.75 76.41 78.92 77,670 79.17 80.58" 80.83

470 75.33 78.08 79.25 81.83 82.25¢ 83.92 85.002

. & Sl OB 5l

gg\;‘ Sl Sl 1.054 0.735 0.765 0.604 0.737 0.652 0.697

C X S

0 x 0 71.25 74.75 71.75¢ 70.50° 71.25 70.25¢ 68.25¢

470 x 0 75.00 78.25 77.00° 80.00° 81.75 79.25¢ 81.50°

0 x 015 73.25 76.25 82.50° 80.00° 82.50° 83.00° 85.50°

470 x 015 76.00 77.00 78.25% 83.00° 82,50 83.75b 86.75

0 x 03 73.75 78.25 82.50° 82.50° 83.75 88.50° 88.75

470 x 03 75.00 79.00 82.50 82,50 82.50 88.75¢ 86.75

gg\;‘ Sl Sl 1.827 1.274 1.325 1.047 1.276 1.130 1.208

)‘JU:J.A Jlexs] a.\aw

P-Value

S 0.6845 0.2021 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

C 0.1004 0.1267 0.7631 0.0001 0.0084 0.0020 0.0005

SxC 0.7912 0.4752 0.0077 0.0008 0.0004 0.0016 <0.0001

255LS 13 0,5 oo 0> 4 0ddodg 38l oS ICFF (o a4 003938l oy ysduo p> :SF
(P<0.05) sisb o o sme M3 (gl ciglite gy b (cla ke (ygiw yo
S*: Percentage of serine added to the diet, C™ ™ in kg of choline added to the diet.
In each columns mean with different letters are significantly different (P<0.05).

5 S5 L g Mo (I3 S0l igbslS w3l a2y B
.(Wang et al., 2016) 595 0 (559, iul38l el ppal 5olos
Jaielal g b daSe (2938 & €85 ad (lgiee o
Sl e plo Sy og s o 4 SlnST Bl Caols b o
B o 908 el 82 bl > il ul I oS sl
)R
by Gl £ Jgds 30 oyl slie Coodls ayp jl Juolbs s
5 S 2380 Ll o g 5 e Jlite 15
Cosldy inli8l gy dald 0g)5 4 Comd 5 b el slie Coda
oo don U pulid dtam 1 p ol sl Coodaw duoyd yiul3dl opl &S
2 eyl sl CoMlw do)d (p YL (PSe/40) Wi o ime
O Fomb g wao 4idn )3 (M) cpps doyd Y (sl (slayles
Do (PAMYD) oS g oy A8l 05,5 &y by yo sl oDl o yd
p ool 2L oM (61moy> VY il s Jlos 93 (aliilon

Moo |y (a5l s (53" (sLadilfo 29008

b5 sy bl 5l (B cod gyo)l G (L plsiea
“ Bl lom BT ol wgd tesdy 2 gl Jke sl
e 0Bl Vel Gl (e 3 Sl (asUglS Slas]
o ola | oS 5l edlauwl oyl by ¢(Kelso et al., 1997) b
Loy o )3 (lenSly (osbols (y902 <32) poriho pais
5 oieli8l (o (Slowdly g op sl diaiy )3 ) a3l (ol clleb
(Surai etal., sy jials |y s ooy & p ol Coulues

basye a1 Bl (slo Shy 4 429 b o]l JoSo 1998)
bsye lags olo S8 Gk ) gilanst sl 28y SRals' L
(Zhou et 54 o (y9sbslS clale 158l el (ysslials i b
e LialS o (o e al., 2018; Sim et al., 2015)
(Zhou et ;YU o= g jlamSTpow Lol 5 el o> oyolle
Ol prodes oy ) el b ol G yne a5 53 3945 o al., 2018)
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o bl o slazsl Job 3 az¥ sansl ol 018 )il il gl
b ool s glaslllas jo (Partyka & Nizanski, 2021) LS
e 035,85 lgisds (g3 (o lowdly 4 oy (13938] &S
g sLié (So)lse p g 0ad deomio (o > DNA (So LS, b
e glle Jasls (ials (S ghe slid Jruilty cpgis ST
2 el CosiS lopaslid plod 4o )3 9 oyl &35 il
—sazie p el 2l Ul 0 Cle 0 5 alatlesl bl
.(Santiago-Moreno et al., 2019) 35 $5-0 oud olLiS5
Oil38l cuw Wlg5 o Sloods; g p oyl sl CooMo Moy i3l
U eSansl b o ppwl Sleods; Linlidl o ¢8> 10 Cue yu
oS obsljl (Cerolini et al., 2006) 34 oo 18 oo s o
Nsod oyl o didgtnd Sl (s ©jgody (o Jisiland
VY ol (2 Jodiland (ppioman 9 )0 (5)9,b cublB b (st
Iy el 4 a5 Wb e L 1) o sl £ 59 2oy
» -(Surai et al., 1998) cuwl ladogiund glyl ;55,3 ol ke
Sl sl )l 1o iyl sliie Coodlw o bze Lisl58l aseis
5 2 it aal 09,5 4y s (g8 JoSo g (s aipeliges
ey (0

S 3l L Y Jgao sl (slas,bxial dio)d lie (g
15 sl ol o e osine 18U Gnpe sl Lo
g 1O o 93 )3 Gyl 39581 45 (55l (P</-0)
2 phalS pl a8 0 lbupal slap yol doys ialS el do
SRl p iyl dooyd (3508 035 )l dne i g @ociy diin
Gglas 4 S 0 sdmliiio (o Juopd /Y (ggls Jles jd (WW/FY)
09 JoSo 31 L(P<e/+0) ol Ly 2818 0y by (61> sizo
el slop sl 20) 2 0dsS g (o dielil iz 1
ohbSer 5 SOV ()l55 L gl ol (P>+/+0) 395 )l dxa
il gelBey (o (gjluwo,usd ly 45" (LONg & Conn, 2012)
p59>S1 slais)brial o> (ialS g ooliti] Slind (JsS” JoSe
PR (o > )y cdillas wing: 03,8 (3135 1) oyl o
Pl (303D Cpr @aiS 38) Blsisdr (e J) ipelie
odlawl el VW Jobo p3 ol )8 ol )0 gy (slod )3 g >
5 2l gie 3 Sles g (Slooksj 0lig) sy S0 Gl g A3
0 S 38, (gols (slwog,S o jloupol slap ! by ials
(Kheawkanha et al., s_i )55 aals 09,5 4 Caud oy
bl oo 3855l @l b guen 45 2023)

L &S (Long & Conn, 2012) 45 g SV (gaios p> o0 Bl
L¥ J galigs oadopdd (o 3)Slas p (g JoSio Sl oaliu]
e st oo 5 pS oleo Y/0 51 odlissl i plool sl YE
595 4y e | 00D oyl el oMo ciyalgS L Alins
s e @yl Gl ol ol b 4 s sy Sl
IS ppl st GgemslinnSly )5 Sloden 0 3 (udsS
Guthrie et al., ) 1ib o p ol s JialS 55 wae sl Jolse
L) E B s bl i p el Jsho Lié claand (2008
&i9,b6 Lol JYs 3l S (Masoudi et al., 2016) 15,05yl
»aban el rn gladul (YL gz daog s
Asl et ) 15 o o pmashionsSTy dntao |y o] 5" sl Loy
Bl ol @) el SheS|ml cd b p sl (al., 2018
Pyl 5l 38T Jlb sladisS oo b (o slowsdy (sl
Slgme b 885, pysl (Zhao et al., 2011) wis' o cladlxe
bois (gl a8 ail oyomj gldlpd dix g ol (YL
P (S (ogmelipnS]y s A (65905 sl S 25
Conl (oo S Qgmlinslyy J1  odi)y 28Ty slaeisS
Jieilty g 0silas sl L] S50 g el sl 5 Sl &
51 L83 ccplplty aimy (LS s slogug S 3 1y 59k
Surai etal., ) 5, o mlo cuasS bas 5 S (s Sl
Goos Sl 43 Jalge s otes 1 oS elié oMo (2006
Soadlos g Sl sk JSb sy pppsl clid 15l
S Lagl oo & o G381 5 (555 (slaadgsile ol )
cL s ol )15 (00l peans Ltal33l o))y sl 4
g oMl g Cl it (A dngjgile il (ol
bié Ly condiame b5 o5 ppsl Jobho S 25 5 (g pdySlas]
et g (o Gl 8y Y )3 (et (A )1 ol
B Jsks oyl (Steele et al., 1994) 1y (¢y5,b slass]ys
st Slos Ly p3 5 (Sls asad g (g5 Jolis o pla worday
elali 5 lomodly sLié 45 lbipdpi b A5l o e
ol )3 imd o SIS ) oyl jo ol agis ST
it 48) Lalié glisal 115 4y by po cilie Seolipd
(3315 955 5 p sl G250l 9 099,51 S8y )3 (SlosisS s
9 ol O 45 Am3 00 (5, (A (s0959,ST (iSTg ) 18
5 badlowe idy (J9Slse (slial 205 Jolbs ples Sess
sboossiyS Ly (colaisl joba (0B85 » osbing i 4Y)
e Br Jlal oyl oo (lowdly sliS )3 39290 0529 (g
Cmsj gy S oy oplplo {Ashizawa et al., 2006) sus
sl eadb jilidl s L (Slhes 53938 SO asle 5 5Le
Sl J e B joban Slgie o lowdly (Slaus]
0l Laside . (Nemati et al., 2022)u_8 ¢ labloe by g >
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Table 6- The effect of L-serine amino acid and choline supplementation on sperm membrane health (percentage) of old broiler
breeder roosters

=
Lo week
Treatments pow el oy i in i "
Third Fourth Five Six Seventh Eight Nine
s
0 77.62 75.87° 75.00° 75,625 76.88b 76.000 74,375
0.15 76.25 77.50% 81.372 82.122 83.13° 86.75% 86.25°
0.3 76.00 79.372 81.87% 82.75° 82,502 86.50° 87.75°
05k 3 ikl S ol 0.929 0.951 0.892 0.848 0.945 0.722 0.974
SEM
**C
0 75.75 76.67 78.67 78.08" 79.33° 81.33° 80.58"
470 77.50 78.50 80.17 82.25° 82.33¢ 84.83¢ 85.00°
;’*;’ML*‘ Skl ol 0.758 0.777 0.728 0.692 0.771 0.589 0.796
C x S
0 x 0 76.50 73.50 72,50 70.00° 71.75 71.00° 68.75°
470 x 0 78.75 78.25 77.50 81.25° 82.002 81.00° 80.00°
0 x 015 75.00 7750 81.00 81.75° 83.75% 86.75° 85.00°
470 x 015 77.50 7750 81.75 82.50° 82,502 86.75° 87.50°
0 x 03 75.75 79.00 82.50 82.50° 82,502 86.25% 88.00°
470 x 03 76.25 79.75 81.25 83.00° 82.50° 86.75° 87.50°
;"‘"EX’M"" ] S 1313 1.364 1.261 1.199 1.336 1.021 1.378
)bu:m Jles! hw
P-value
s 0.4290 0.0565 <0.0001 <0.0001 0.0003 <0.0001 <0.0001
c 0.1201 0.1127 0.1624 0.0005 0.0132 0.0005 0.0010
SxC 0.7134 0.1940 0.0646 0.0003 0.0007 0.0001 0.0013

PSS 33 2,5 e 0 p> 003938l (dgS LT w0y 4y 0iB039 38l 2y yd :SF
.(P<0.05) sl o o dme BMB] (gl glite gy b (sla 1Sl gt 2 1
S*: Percentage of serine added to the diet, C** mg in kg of choline added to the diet.
.In each columns mean with different letters are significantly different (P<0.05)

Sod ipywl S Sy 55 iyl sl CoMus op sl clale
Pl sy lxinl doyd (ialS g ol 039y iy S50 <yl
90 ool 3l oxiad s 4S5 0g iulejl slaatan e jo
Ab (b5 Wge (s (S yug S ) papel CotsS Soie 0 S
Y A2 b (890580 5 5y il 38l el Wl e el (il

D9 yeub Canio > (GBS ple (e sla g >
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Table 7- The effect of L-Serine amino acid and choline supplementation on abnormal sperm (percentage) of old broiler roosters

bl win
Treatments Week
Py ol peSy s ety ) R0

Third Fourth Five Six Seventh Eight Nine
S
0 14.75 14.62 14.622 14.25 14.372 14.37 14.12
0.15 14.50 14.50 14.25% 14.12 14.25% 13.75 13.87
0.3 14.50 14.37 13.75° 14.37 13.620 13.87 13.87
RV <IIRR RV I oS 0.186 0.177 0.200 0.195 0.212 0.257 0.253
SEM
**C
. 14.50 14.58 14.42 14.25 14.08 14.00 14.17
470 14.67 14.42 14.00 14.25 14.08 14.00 13.75
RV <IIRR RV I oS 0.152 0.144 0.163 0.159 0.173 0.210 0.207
SEM
C x S
0 x 0 14.75 15.00 14.75 14.50 14.25 14.50 14.50
470 x 0 14.75 14.25 14.50 14.00 14.50 14.25 13.75
0 x 0.15 14.25 14.50 14.50 14.00 14.50 13.50 14.00
470 x 0.15 14.75 14.50 14.00 14.25 14.00 14.00 13.75
0 x 0.3 14.50 14.25 14.00 14.25 13.50 14.00 14.00
470 x 0.3 14.50 14.50 13.50 14.50 13.75 13.75 13.75
5SSke 31kl Gl ool 0.263 0.250 0.282 0.276 0.300 0.363 0.358
SEM
ogize Jloxs! pdas
P-value
S 0.5594 0.6147 0.0210 0.6703 0.0492 0.2183 0.7272
C 0.4486 0.4249 0.0877 1.0000 1.0000 1.0000 0.1716
SxC 0.5594 0.1435 0.8885 0.3165 0.3743 0.5047 0.7272

F)f}l.f 5 F)fcfl“" ©p> & m.;‘sa.s”‘él U‘J9§ :C** Cop> & o.,\.f}o)a)'é‘ Oy Juoyd S*
.(P<0.05) 2l oo I gime BB gl Cglate By b sl (1 Siho (gt 2 50
S*: Percentage of serine added to the diet C*™" mg in kg of choline added to the diet.
In each columns mean with different letters are significantly different (P<0.05).
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